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Abstract. Process models abstract a dynamic phenomenon in the form of a 
static representation. This contrast makes them difficult to comprehend. 
Innovative usage of dynamic multimedia techniques in combination with static 
process model visualization knowledge remains an opportunity to address this 
problem. In this paper, we unfold our research plan to invigorate process 
models through the development of eight different embellishment components 
to enhance process comprehension.  
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1   Introduction 
Business processes are among the most critical organizational assets and their 
optimization is perceived as the key to cost efficiency and competitiveness [1]. 
Business processes modeling is used for various practices, such as process 
improvement, process reengineering, project management, knowledge management 
and for the analysis and design of process aware information systems (PAIS) [2]. 
Business process models, or process models for short, provide a means of 
communication for various communities. Process models can be utilized only if 
related stakeholders can comprehend them well [3]. Among business professionals, 
many process stakeholders with different backgrounds and levels of expertise can be 
found: business analysts, domain experts, process owners and process actors. It is not 
easy for stakeholders of different backgrounds to understand static process models, as 
processes are dynamic in nature and carry various types of information [4].   
There are many research studies on analysing and enhancing comprehension of 
process models [3–5]. However, existing research mainly focuses on visualization 
techniques for static process representations. The need for 3D visualization and the 
animation of process models was already identified [5, 6], yet there are few -- albeit 
promising -- studies. Moreover, we observe an emerging trend in the industry to 
utilize modern multimedia techniques to visualize operations. Some organisations 
even started to investigate new ways for visualizing process models [7]. 
Multimedia techniques are utilized in innovative ways (i.e. animation, game, 
simulation, virtual environment) to recreate static representations in a dynamic way. 
This happens in various domains, such as biological processes, physical phenomena, 
science, health, mechanical devices, historical information, where they have shown 
great potential to improve learning [8]. Similar techniques can be exploited in the 
process modeling field to enhance human comprehension. We foresee an opportunity 
to combine existing knowledge of static process model visualization with model 
animation and other dynamic invigoration techniques from the multimedia domain to 
enhance model comprehension. In our preparatory studies, we identified eight 
different embellishment components that can add value to invigorate process models. 
Each component represents a different aspect of a process model that can be 
invigorated by multimedia techniques. Through usage of these embellishment 
components in an integrated way, models can be dynamically invigorated and 
presented to business professionals in a more comprehensible manner. In this paper, 
we unfold our research plan on invigorating process models so that we can inspire 
other researchers and motivate them to team up with us to pursue this line of research.  
Research related to existing work on enhancing process model comprehension and 
multimedia usage for process modeling is provided in the following section. In Sect. 
3, the embellishment components for which invigoration techniques can be developed 
are described. Conclusion and the research agenda is described in the final section.  
2   Related Work 
A process model is considered as comprehended if: (1) a mental model of the 
presented information built by the reader accurately corresponds to what is meant by 
the modeler, (2) the reader is able to transfer the related information to other tasks, 
and (3) the mental model is created in the least amount of time possible.  
Visualization and animation techniques for models can enhance all three aspects.  
The basic building blocks of any process model are its nodes and edges. 
Visualization techniques on static process models change how nodes and edges are 
displayed. These can be grouped into two categories of techniques that affect the 
layout and dimensions of a process model (2D vs. 3D): The layout of a process model 
affects either (1) concrete syntax [9]; i.e. symbols, colours and position of nodes; or 
(2) abstract syntax [10]; i.e. process elements and their structural relations. Some 
visualization techniques that affect the abstract syntax are block structuring, 
duplication, compacting, modularization, and others that affect the concrete syntax 
are layout guidance, highlighting, annotation. In studies, syntax highlighting for 
block structures proved to enhance comprehension [11] and a third dimension allowed 
for more information to be integrated in an understandable way [12, 13]. 
There is limited research on dynamic process representation. Mainly two animation 
techniques are used; continuous movement by letting tokens flow from one node to 
another [14] and highlighting of the objects [15]. These studies provide a qualitative 
judgement that the techniques indeed enhance understanding. The design of animation 
scenario is another topic of study. In the existing studies, the sequence of steps to be 
animated was defined in either a script by means of a graphical interface [14], or 
defined by the analysts [16, 17]. Design of animation sequence can be based on event 
logs, too, either using simulation data or by observed behavior [14, 15]. 
Cognitive theory of multimedia learning and its principles provide valuable 
insights on how to animate process models to enhance their comprehension [8]. The 
theory guides us on how to utilize human working memory to present information, 
engage readers in cognitive process and use multiple sensory pathways. We found 
studies indicating benefits as well as inconclusive results on using animation for 
multimedia learning. One study shows that when animation effects are used, such as 
highlighting or cueing, listeners do direct their attention better [18, 19]. In other 
studies, different conclusions are reached for the effect of three cueing types on a 
process retention and transfer task and perceived ease of use [19, 20]. A meta-analysis 
reports on the overall advantage of instructional animations over static pictures for 
acquiring knowledge [14]. Yet another study reports that a combination of animation 
and narration yields better results [21]. User controls (such as rewind, pause, play, 
jump, rotating and scaling of 3D models) and pacing style of the animation also affect 
comprehension  [18]. Personal factors is a final dimension worth mentioning that 
affects understanding of process models [3].  
In summary, there has been a lengthy debate on benefits of learning from 
animations or dynamic representations [22]. In contrast to studies in multimedia 
learning, the results for using animation in process models are restricted in terms of 
coverage for different techniques and their effect on enhancing comprehension. 
Further research is required to examine which techniques regarding process model 
invigoration could enhance process model comprehension.  
Dynamic visualization of process models by means of diverse embellishment 
components may affect comprehension positively in various ways. When the user 
reads a static diagram, she has to create a mental model of the overall diagram and 
alternative sequence of steps. When animation is used, the construction of this mental 
model is supported. Multiple process executions can be visualized by using one 
dynamic model, since animation effects can appear and disappear. Combining process 
model animation with narration may result in even more effective learning due to 
simultaneous usage of both sensory pathways.  
To our knowledge, there exists no research up to date which evaluated the effects 
of animations using a popular process modeling notation or methods or guidelines on 
how to define animated scenarios. Most important of all, there are limited amount of 
techniques used for each component we identified for invigorating process models, 
and the results for evaluation of these techniques are very scarce. 
3   Embellishment Components 
We aim to combine existing knowledge of static process model visualization with 
knowledge of model related animation techniques and dynamic media in multimedia 
learning and reveal possible innovative ways of dynamic media applications on 
process models. For this, we plan to develop invigoration techniques for control-flow 
oriented modeling notations. We identified 8 potential embellishment components 
that can be used in an integrated way to invigorate process models.  
Component 1-Animation and visualization techniques for 2D and 3D models: 
Animation and visualization techniques that can be used to enhance process model 
comprehension will be examined in detail. Although there are existing techniques 
such as continuous movement, highlighting and cueing; there is still room to develop 
other techniques and use them in an integrated way to cover different needs of process 
models for diverse purposes. Principles from multimedia and learning fields, such as 
cognitive theory of multimedia learning, will be utilized to develop the techniques. 
We aim to develop and compare animations for 2D and 3D visualization. In 
collaboration with the studies of Component 6, visualization of additional information 
added to third dimension will be identified.  
Component 2-Identification/design of animation scenario: For any animation 
technique used, an animation scenario also needs to be defined to determine how the 
animation runs. Multiple methods for scenario definition may not be sufficient under 
different conditions. When event logs are available, the scenario can be defined 
automatically by using historical information. If data is not available, it may be 
designed by an analyst or identified by the user during animation. This component 
includes the design of different animation scenario identification techniques.  
Component 3- Animations for process model layout: Visualization techniques will 
be developed for process model layout. Example patterns for which visualization 
techniques will be developed are; for concrete syntax, highlighting and annotations; 
for abstract syntax, block structuring and modularization. 
Component 4-User controls: Possible user controls during an animation affect how 
the user interacts with the model. Depending on the aim, lack of user control or rather 
various user control options and pacing may be helpful to enhance understanding. 
User controls specific to the visualization techniques developed will be designed. 
Component 5- Usage of narration and on-screen text: This component includes the 
integration of narration and on-screen text with animation and visualization 
techniques. However, narration may not be applicable at all times and will be 
substituted with on-screen text. 
Component 6-Embedding process perspectives: This component is highly 
correlated with Component 1. Integration of data, organisation and other perspectives 
(such as time, performance) for different animation techniques will be investigated. 
Other possible perspectives that can add value to the models (such as time, 
performance) and their visualization will also be examined.   
Component 7-Mode of operation: A majority of people using process models 
consist of PAIS users. They often complain that they get lost as to the big picture and 
state that they feel the need to understand the overall system in greater detail. When 
the users consult to process models to develop an understanding of the system, a link 
between the PAIS can provide information on where the user is in the process models. 
This component includes the design of modes of operation (offline and in interaction 
with PAIS) to provide context-awareness to a user while she uses a PAIS.  
Component 8-Tailoring for personal factors: No matter how “good” we design our 
visualization methods, it may not be as efficient for users of different types and with 
various levels of expertise. This component includes an investigation of how personal 
factors affect the comprehension and tailor the techniques defined in other 
components for personal factors. Specifically, the needs of different target groups will 
be examined: business analysts and process owners. 
When the techniques developed for all these components are aggregated, they are 
expected to constitute various ways to invigorate the process models. These can be 
utilized by users for different conditions and purposes. An important contribution of 
this line of research will be the evaluation of the effect of different invigoration 
techniques on process model comprehension. There are a few studies proposing 
dynamic visualization techniques on process models, yet systematic evaluations for 
impact of these techniques on understanding are even more limited. Experiments to 
understand the effect of different invigoration techniques on comprehension of 
process models using evaluation techniques from multimedia learning and instruction 
are valuable. Methods such as eye tracking, retention, and transfer tasks will be used. 
4   Conclusion and Future Work 
In the presented line of research, we aim to investigate and develop techniques to 
enhance the comprehension of process models by embellishing them in various ways, 
combining process modeling and multimedia techniques, thus invigorating what are 
up till now static process models. In our preparatory studies, we identified eight 
different embellishment components. We explained potential techniques to be 
developed for these components to invigorate processes from different aspects.  
Our findings from the previous section reveal that systematic evaluations for 
impact of process model visualization techniques on comprehension are limited. An 
important contribution of this research will be the evaluation of the effect of different 
invigoration techniques on process model comprehension. Experiments will be 
designed using methods from multimedia learning and instruction, such as eye 
tracking, conduct of retention and transfer tasks. Lastly, to enable widespread 
application of the invigoration techniques in real life settings, an open source tool will 
be developed as part of mainstream process modeling platforms.  
We hope that this paper inspires other investigators to develop innovative ways to 
improve the understanding of process models and welcome proposals for 
collaboration. 
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